The stability of a virus is of inherent interest from the standpoints of ease of natural transmission, and basic viral properties. Stability is also an important factor determining the facility with which a virus can be handled in the laboratory, both from the standpoint of loss of titer during various manipulations and prolonged storage and as a possible source of laboratory contamination. Early qualitative experiments by Gross suggested that the agent obtained from filtered or centrifuged (144,000 g) AK-leukemic extracts and causing parotid tumors after inoculation into C3H mice was highly resistant as indicated by the fact that activity was occasionally recovered from preparations heated at 68°C. for 30 minutes (1) . Gross also demonstrated the persistence of live virus after storage in the lyophilized state for one year (1) and after treatment with ether (2) . Recent studies by Eddy et al. (3) demonstrated that tissue culture fluids infected with the agent, referred to here as mouse polyoma virus (4--6), retained their ability to produce tumors in hamsters (6) after heating at temperatures of 70°C. and below for 30 minutes, storage in the frozen state and at refrigerator temperature, lyophilization, or exposure to ether, glycerol, and trypsin. The experiments described in this paper were performed in order to obtain quantitative data on the stability of mouse polyoma virus to storage at various temperatures and in different diluents, heating, ultraviolet irradiation, lyophilization, repeated freeze-thawing, or exposure to some common disinfectants.
Materials and Methods
Viru~.--The strain of polyoma virus used as a prototype in this laboratory is LID-l, which was isolated in mouse embryo tissue culture from a parofid gland tumor (7) . In addition, the LID-2 strain was used in some experiments; this strain was isolated in mouse embryo tissue culture from the supernatant fluids of short term explant tissue cultures of a leukemic mesenteric lymph node from a C3H/Bi mouse bearing a transplantable leukemia (No. L12289). This had originally been induced through inoculation of a filtrate of serially passed leukemia "passage A" (8) . The material for the isolation of LID-1 and LID-2 was supplied by Dr. Lloyd W. Law and Dr. Clyde J. Dawe. Serologically LID-1 and LID-2 are identical and there 439 is no biological difference between them on the basis of ability to produce tumors in hamsters and mice, production of cytopathogeuic effects (CPE) in mouse embryo tissue culture (9) , and hemagglutination. Two pools of LID-1 (339 and 358) and one pool of LID-2 (1449B) were used in the experiments described in this paper. Pools 339 and 358 were prepared in the following manner: Flask cultures of mouse embryo tissue were inoculated with 0.4 ml. of 10-~ or 10 "-2 dilution of infectious tissue culture fluids. Supernatant fluids were saved at each fluid change and when cytopathic changes were essentially complete, the cells were saved with the fluid. Fluids with high hemagglutination titer (HA) were pooled and the pools centrifuged at 1500 R.P.~¢. for 20 minutes. Pool 1449B was prepared in a similar manner except that it consisted only of culture fluids without scraped cells and was not centrifuged. Aliquots of the three pools were stored in a mechanical deep freeze at -60°C for 2 to 3 months before the start of the experiments.
Virus Assay.--Two procedures were used for virus assay: tissue culture CPE (9) and the mouse antibody production (MAP) test (7). (a) Cultures were prepared by trypsinization of minced whole 14 to 16 day mouse embryos, grown in 10 per cent human serum in Eagle's basal medium (7) , and maintained in 5 per cent horse serum and Eagle's medium. All media contained penicillin (250 units per ml,) and streptomycin (250/~g. per ml.). Titrations were carried out using two tubes per 10-fold dilution. Titration endpoints were checked by HA tests on tissue culture fluids and where indicated by second passage. Titers were calculated by the Reed-Muench method (7) and expressed as TCIDs0 per 0.1 ml. (b) Infectivity titrations were made by an indirect assay method using production of antibody as the indicator of infection (mouse antibody production test or MAP test). Three mice per serial 10-fold dilution of infected tissue culture fluids were inoculated intraperitoneally (i.p.) with 0.2 ml. and bled 3 weeks later. The presence of hemagglutination-inhibiting (HI) antibody at 1:100 or greater was accepted as evidence of infection. Infectivity titers were calculated by the Reed-Muench method and expressed as the number of adult mouse infectious doses (mouse IDs0) per 0.1 ml. (7). With both the titrations in mouse embryo tissue culture and the MAP test a 10-fold difference in infectivity titers was considered to be within the limits of experimental error.
HA tests were done as described elsewhere (10) . A 2-fold difference in hemagglutination titer, when determined in simultaneous tests, was considered to be within the limits of experimental error. Table I . Over an 8 week period there was no significant difference in HA or infectivity titers between samples stored at --60 °, --20 °, and 4°C. A temperature of 37°C. reduced the infectivity titer by approximately 2.5 log units, whereas HA was relatively unaffected.
Repeated freezing and thawing had no effect on either HA or infectivity titer. A control preparation of LID-I (pool 358) having an HA titer of 640 and a mouse IDs0 titer of 105"5 per 0.1 ml. had an HA titer of 640 and a mouse IDs0 titer of 106-8 per 0.1 ml. after five cycles of freezing (-60°C) and thawing in a 24 hour period.
To determine the effect of the suspending medium on the stability of polyoma virus, infected tissue culture fluid (pool 339) was diluted 10 -~ in (a) demineralized-distilled water, (b) pH 7.2 phosphate buffered saline, or (c) 5 per cent horse serum in Eagle's basal medium. The three dilutions were then assayed for infectivity titer by means of the MAP test, after standing 30 minutes at room temperature and again after 1 week at 4°C. At both times there was no significant difference among infectivity titers of the three preparations, the titers ranging between 106.5 and 10 r.2 mouse IDs0 per 0.1 ml. of starting material. Heat Inaaivation.--Heat inactivation experiments were carried out by submerging 1 dram adhesive tape-sealed screw-capped vials containing infected tissue culture fluid (pool 358) in water baths maintained by thermostat at 60 °, 65 °, or 70°C. At specified times one vial was removed and allowed to cool at room temperature.
In Tables II and III the results of typical experiments are presented. Heating the polyoma virus at 60°C. for 30 minutes had no significant effect on either the infectivity or HA titers. Heating at 65°C. for 30 minutes caused a 4-fold decrease in the HA titer and approximately a 3.0 log unit decrease in infectivity. After exposure of the polyoma virus to 70°C. for 30 minutes there was at least a 6.0 log unit reduction in infectivity titer. In general, heating the virus at 70°C. for 30 minutes completely destroyed HA titer and markedly decreased the infectivity titer. However, it should be noted that in other experiments a small amount of virus was occasionally recovered in tissue culture from infected tissue culture fluids heated at 70°C. for 30 minutes. In Table III it will be noted that heating of the polyoma virus at 70°C. for progressively increasing time tended to produce an exponential decrease in hemagglutination and infectivity titers :~ Although titration endpoints were not reached, the amount of infectious virus was apparently markedly reduced, as indicated by prolongation of the incubation period to appearance of CPE. after a lag period which was probably due to the time required to warm the virus suspension.
Ultraviolet Irradiation.--Infected tissue culture fluid (pool 1449B) in the form of 10 ml. of a 1:10 dilution in phosphate buffered saline at pH 7.2 was irradiated by ultraviolet light in a sterile Petri dish that was subjected to slow rotary agitation. The fluid covered the bottom of the Petri dish to a depth of 2 ram. A 4 watt UV lamp with a 13~ inch aperture was placed 153/~ inches above the dish and supplied 18 microwatts per square centimeter at the surface of the fluid. The emission was predominantly in the 2537 A range. On the same day, to serve as controls, influenza A (Jap. 305/57), vaccinia, and type 3 polio viruses were similarly irradiated and were found to have characteristic inactivation curves (11). 1 As shown in Table IV , 30 minutes of irradiation caused no detectable loss of infectivity or HA titer. A 2 hour exposure caused approximately a 4.0 log unit decrease in infectivity but had no effect on the HA titer.
Resistance to Disinfectants.--Inactivation of virus with disinfectants was attempted with 2 per cent phenol, 100 per cent ethyl alcohol, 50 per cent ethyl alcohol, 1 : 1000 zephiran ® (benzalkonium chloride), or a mixture of equal parts 95 per cent ethyl alcohol and tincture of iodine v.s.v. Infectious tissue culture fluid (1449B) with an infectivity titer of approximately 108 mouse IDs0 per 0.1 ml. was mixed in equal parts with each disinfectant and allowed to stand at room temperature. The control preparation was prepared by mixing the virus suspension with an equal volume of buffered saline. The HA titers of the mixtures were determined at 30 minutes and 24 hours, and infectivity was assayed at 24 hours. Since we were only concerned with marked inactivation or resistance to a given disinfectant, complete infectivity titrations were not done. Instead the infectivity of 10 -8 and 10 -8 dilutions of each mixture was determined by the MAP procedure (Table V) . Two disinfectants tested, 100 per cent ethyl alcohol and the alcohol-iodine mixture, were found to be effective inactivating agents.
TABLE IV

Effect of Ultraviole, t Light, on ttcmagglutination and Infectivity Titers of ~olyoma Virus
An additional experiment was carried out with a 1:8 mixture of tincture of iodine in 95 per cent ethyl alcohol, because this is the common disinfectant used in this laboratory. A control virus sample with titer of 10 ~.5 mouse IDa0 per 0.1 ml. had a fiter of less than 101 mouse ID60 per 0.1 ml. after 30 minutes exposure to an equal volume of the alcohol-iodine mixture.
Lyophilization.--Two 3 ml. aliquots of infected tissue culture fluid (358) with an HA titer of 640 and an infectivity titer of 106.9 mouse ID59 per 0.1 ml. were lyophilized for 22 hours in an aminco freeze-dry apparatus. The lyophilization ampoules then were removed and sealed under air. Thirty minutes later one ampoule was opened and' the lyophilized tissue culture fluid was resuspended in 3 ml. of demineralized distilled water. The resuspended lyophilized tissue culture fluid had an HA titer of 640 and an infectivity titer of 106.~ mouse IDs0 per 0.1 ml. The second ampoule was opened after storage at room 
DISCUSSION
Polyoma virus was found to be highly resistant to the environmental influences studied. Its resistance to heat and ultraviolet light irradiation is particularly marked. The majority of animal viruses are inactivated by heating at 56°C. for 30 minutes whereas polyoma virus completely withstood 60°C. for 30 minutes, showed a 3 log unit decrease in infectivity at 65°C. for 30 minutes, and was essentially completely inactivated at 70°C. for 30 minutes. However, it should be noted that with highly potent preparations, as indicated also by Eddy et a/. (3), heating at 70°C. for 30 minutes may not result in complete inactivation. Resistance to ultraviolet irradiation was of the same order as that of adenovirus type 3; i.e., approximately 40-fold and 10-fold greater resistance than that of Shope fibroma and polio viruses, respectively (11) . Although ultraviolet irradiation for 2 hours generally produced a 4 log unit reduction in infectivity, it had no effect on the HA titer. Of the various procedures employed, ultraviolet irradiation produced the most marked dissociation of hemagglutination and infectivity titers and could possibly be used for the production of noninfectious antigens.
Of the various disinfectants tested, 100 per cent alcohol and alcohol-iodine mixtures effectively inactivated infectivity; 1:1000 zephiran ® was somewhat less effective and 2 per cent phenol and 50 per cent ethyl alcohol were without effect. It should be noted that unreported experiments in our laboratory have confirmed the observations by Gross and Eddy et al. (2, 3) that polyoma virus is resistant to ether.
The marked stability of polyoma virus is undoubtedly one of the factors which contributes to the ease with which it can cause widespread infection of the mouse colonies in those laboratories working with polyoma virus (12, 13) . Contamination of the air by aerosols, as well as contamination of drinking water, feed, and bedding by excreta of infected mice (14) could lead to infection since mice are susceptible to polyoma virus by both the intranasal and oral routes (14) .
In addition to cross-infections in mice, contamination of tissue cultures are also a distinct risk, and have been encountered in this laboratory on several occasions. To prevent spurious results of virus isolation tests in tissue culture, stringent precautions must be employed.
The similarity of the stability of polyoma virus to that of rabbit papilloma is striking, particularly in view of the close similarity in size and appearance of the two agents (15) . On the basis of qualitative experiments Shope (16) reported that papilloma virus was unaffected by heating at 65°C. for 30 minutes, but was inactivated at 70°C. for 30 minutes. In addition, Kidd (17) reported that papilloma virus withstood 20 to 30 minutes of ultraviolet irradiation which inactivated rabbit fibroma virus in 5 minutes. These similarities in size and stability of polyoma and papilloma viruses, plus their tumor-producing capacities, suggest a possible family relationship; however, preliminary tests (18) have not indicated any serologic relationship between the agents. This may not be surprising in view of the fact that no serologic relationship has been demonstrated between rabbit papilloma virus and the viruses of verruca vulgaris in man, oral papillomatosis of dogs, and cattle warts (19) .
SUMMARY
Mouse polyoma virus was stored at 4 ° and -60°C. for 8 weeks without any loss in hemagglutination or infectivity titer; storage at 37 ° for 8 weeks reduced infectivity titer by approximately 2.5 log10 units. Repeated freezing and thawing of infectious tissue culture fluid had no effect on virus titer. The stability of the virus to storage for 1 week at 4°C. was unaffected by suspension of infected tissue culture fluid in saline, demineralized distilled water, or 5 per cent horse serum in Eagle's basal medium. Heating the virus for 30 minutes at 60°C. had no effect on infectivity and hemagglutinafion titers. Heating at 65°C. for 30 minutes produced a 3 log unit loss of infectivity and a 4-fold decline in HA titer, and heating at 70°C. for 30 minutes usually produced complete inactivation of infectivity and HA. The virus was resistant to ultraviolet irradiation; ultraviolet irradiation for 2 hours caused a 4 log unit decrease in infectivity titer without affecting the HA titer. The virus was resistant to exposure to 2 per cent phenol and 50 per cent ethyl alcohol but was inactivated by 100 per cent ethyl alcohol, and ethyl alcohol-iodine mixtures. Lyophilization had no effect on the stability of the virus.
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